The problems related to urban waste disposal in Brazil are critical since available areas are few and located in the vicinity of populated areas and close to water resources mangroves, forests and rivers.
Niterói is one of the tourist cities in the State of Rio de Janeiro (Brazil) and is considered to be a city of a high standard of living. However, the fate of the waste produced in this city is not well managed, being disposed at Morro do Céu Dump. The disposal site, located in a valley of several springs and a small river, the MataPaca River, has been in operation since 1983, receiving around 550 tons/day of urban waste. Analysis of the leachate produced at Morro do Céu Dump showed the presence of some contaminants such as heavy metals and PAHs (Sisinno and Moreira 1996; Sisinno et al. 1998) . Part of the leachate infiltrates into the soil and another part flows directly into the river. Mata-Paca River is used for the irrigation of some local plantations and flows into Guanabara Bay, an important ecosystem of Rio de Janeiro State.
Because of most hazardous substances found in leachate composition, toxicity testing of leachates has been carried out by many studies (Atwater et al. 1983; Cheung et al. 1993; Clément et al. 1996; Wong 1989) . However, in Brazil, this kind of evaluation is commonly applied to industrial effluents to control the efficiency of the plants, because in many cases, leachate produced at waste disposal sites is discharged into water streams without control.
The aim of this study was to evaluate acute toxicity (48-hr) of the leachate collected at Morro do Céu Dump to Brachydanio reri o (zebrafish). The leachate was treated under different conditions to compare the toxicity of pure samples with treated ones.
MATERIALS AND METHODS
Leachate samples were collected once a month, during a dry (July/September/November 1998) and wet (January/February/March/April 1999) period in Rio de Janeiro State. The sampling point chosen was a stream where the leachate produced in the different areas of Morro do Céu Dump is mixed before being discharged into Mata-Paca river.
The leachate was analysed for pH (Analyser 300M, pH electrode), DO (Digimed DM4 dissolved oxygen meter), conductivity (Analion C-702 conductivity meter), hardness, alkalinity, BOD, COD and chloride according to Standard Methods (APHA 1985) .
The organism chosen for this biological evaluation was zebrafish, Brachydanio rerio, Cyprinidae, purchased from a commercial supplier in Rio de Janeiro, weighing 0.2 to 0.4 g and having an average length of 2.0 to 3.0 cm. Brachydanio rerio is one of the most common species used to perform acute toxicity tests in Brazil according to Brazilian (SEMA 1988) and Rio de Janeiro State (FEEMA 1994) standard procedures.
Acute toxicity tests (static method) were carried out as standardized by the Associação Brasileira de Normas Técnicas (ABNT 1993). Briefly, 10 adult fishes were placed in 3.000 mL glass beakers and mortality was evaluated after 24 and 48 hours of exposure, dead fishes being removed. Negative control (synthetic soft water) beakers were included. In each test with pure leachate, a positive control test was performed to evaluate the sensitivity of fishes. Room temperature (25±1°C) and light/dark cycle (16 hr light/8 hr dark) were kept constant. LC50 values and their 95% confidence limits were calculated using Trimmed Spearman-Karber Method, available in computer software (Hamilton et al. 1977 ).
Synthetic soft water was prepared to be used in the dilutions with NaHCO 3 (48 mg), CaSO 4 .2H 2 O (30 mg), MgSO 4 .7H 2 O (614 mg), and KCl (2 mg), dissolved in 1.000 mL of distilled water, resulting in a hardness of 40-48 mg/L CaCO 3 and pH of 7.2-7.6 (ABNT 1993).
For each toxicity test, leachate samples both pure and treated were used. Tests using pure leachate samples were performed immediately after the arrival of the samples to the laboratory. The other tests were performed after each treatment. The treatments were: EDTA 0.1M 5% v/v in 2.000 mL of leachate; aeration; Al 2 (SO 4 ) 3 .18 H 2 O, alum, (Merck) 2g/L and 4g/L, as performed by Wong (1989) ; maintenance during one week in ambient (25±°C) and cool (4°C) temperature; alum 4g/L EDTA 0.1M, and air.
The solutions of alum 2g/L and 4g/L were prepared and added to samples of pure leachate. Tests using alum 4g/L in pure leachate samples were performed after a time reaction of 30minutes (sample 04) and 48 hours (samples 05,06 and 07). After reaction, supernatant was used for the test dilutions. A negative control using alum in synthetic soft water at the same conditions of leachate tests was conducted to evaluate alum toxicity. Due to hydrolysis of Al +3 ion, the pH was adjusted, carefully to pH 7.0 using NaOH 1N.
RESULTS AND DISCUSSION
Values of physico-chemical parameters of pure Morro do Céu leachate samples are shown in Table 1 . The lowest and the highest values found in leachate analysis since 1994 (Sisinno and Moreira 1996; Sisinno et al. 1998) , including the present results, are shown.
The pH values between 7.7-8.1 indicate the predominance of leachate from waste in advanced stages of decomposition (Philips et al. 1984) . The high BOD and COD values indicate a high amount of organic compounds that are being discharged into the river, contributing to its eutrofization. DO values observed, even during the wet period, are not higher than 0.7 mg/L. Values of LC50 of pure Morro do Céu leachate samples presented in Table 2 indicate high acute toxicity to Brachydanio rerio in 24 hours of exposure. They don't show a correlation between toxicity and periods of sampling (dry or wet). This fact may be related to similar rainfall registers, observed during the two periods of study, according to National Institute of Meteorology from Brazil. This monitoring showed that LC50 values of pure leachate samples are included in a range of 2.2 to 5.7% (v/v), indicating low variation between the obtained results in the different samplings.
The values of LC50 for 24 hours are the same for 48 hours, indicating that pure leachate acute toxicity was expressed in the first 24 hours. Most likely, the toxicants were degraded or transformed. A similar result was obtained by Wong (1989) .
The data of acute toxicity (96-hr) of positive control (potassium dichromate in synthetic soft water) to Brachydanio rerio were in a range of 83.4-117.3 mg/L. These values are according to previous results in our laboratory and with Rio de Janeiro State standard procedures (FEEMA 1994). Comparison of acute toxicities of pure and treated Morro do Céu leachate samples are showed in Table 3 . In order to estimate oxygen influence, a test was carried out with pure aerated and non aerated leachate samples. It was observed that the inclusion of air didn't improve the results.
EDTA is a strong chelating agent, used in two samples of this experiment (samples 01 and 02). Results of treatment using EDTA 0.1M, comparing with its respective pure leachate samples, didn't show a significant efficiency.
One of the physico-chemical preservation methods of samples is maintenance in cool temperature (4°C). Sample 04 was kept in ambient temperature, while sample 05 was kept in 4°C, during the same period (one week). Both results were similar to its respective pure leachate samples.
Alum is widely used in the floculation-sedimentation of water and wastewater treatment process. For treatment using alum, the test conducted with 2g/L has shown a significative reduction in toxicity. Samples treated with 4g/L, however, even in aerated and non aerated conditions (samples 04, 05, 06, and 07) have shown toxicity reduction. A test using alum in synthetic soft water, performed in the same dilutions of leachate tests, were not lethal to fishes, indicating a low amount of free A1 +3 in solution.
Only sample 04 treated with alum 4g/L, showed a significant difference between the LC 50 of 24 to 48 hr. This indicated an increase in toxicity for 48 hr, probably because of a short time of reaction (30 min). The test using alum 4g/L, EDTA 0.1M and air (sample 07) showed a decreasing efficiency, as compared to treatment using only alum 4g/L The result produced was probably because of EDTA toxicity (Richardson and Gangolli 1994) .
Treatment using alum 4 g/L was the better. This was related to the decrease of acute toxicity of Morro do Céu leachate to B. rerio. Comparing the results, better treatment was achieved in samples 05 and 06. It can be observed that LC50 24 hr of pure leachate samples of 3.3% (sample 05) and 2.6% (sample 06), after this treatment, went up to 32.6% (24 and 48 hr), resulting in a sign&ant improvement.
Although B. rerio 48-hr acute tests have demonstrated high sensitivity to leachate toxicity evaluation, was recommended the performance of a monitoring using chronic tests to estimate with more safety the effects of this complex mixture to aquatic organisms.
The results presented in this work indicate that Morro do Céu leachate is a highly toxic effluent that is being discharged into an important aquatic ecosystem, representing a potential hazard to aquatic species. This emission should be regulated.
